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(57) ABSTRACT

An optical device mncluding a hologram recording medium
that can reproduce an 1mage of a reference member and an
irradiation unit that emits a coherent light beam to the optical
device. The irradiation unit includes a light source {for
emitting a coherent light beam and a scanning device
capable of adjusting a reflection angle of the coherent light
beam emitted from the light source and that makes a
reflected coherent light beam scan the hologram recording
medium. The light source has light sources for emitting
coherent light beams having different wavelength ranges.
The hologram recording medium has a plurality of recording
areas to be scanned with a plurality of coherent light beams
reflected by the scanning device, respectively. Each of the
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plurality of recording areas has an interference Ifringe that
diffracts a coherent light beam of the corresponding wave-
length range.
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ILLUMINATION DEVICE, PROJECTION
APPARATUS AND PROJECTION-TYPL

IMAGE DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 13/821,103, filed Mar. 6, 2013, which 1n turn 1s the
National Stage of International Application No. PCT/
JP2011/070519 filed Sep. 8, 2011, which designated the
United States, the entireties of which are incorporated herein
by reference.

FIELD OF THE INVENTION

The present invention relates to an 1llumination device for
illuminating a region repeatedly with coherent light beams
that are diffracted by a hologram recording medium or the
like, a projection apparatus for projecting coherent light
beams, and a projection-type 1mage display apparatus for
displaying images using coherent light beams, and more
particularly, to an i1llumination device, a projection apparatus
and a projection-type 1mage display apparatus capable of
making speckles iconspicuous.

BACKGROUND OF THE INVENTION

Projection-type 1mage display apparatuses having a
screen and a projection apparatus which projects light beams
of an 1mage onto the screen have been widely used. In a
typical projection-type image display apparatus, a two-
dimensional 1mage 1s created as a basic image using a spatial
light modulator such as a liquid crystal microdisplay or a
DMD (Dagital Micromirror Device), and then the two-
dimensional 1image 1s magnified and projected onto a screen
using a projection optical system, so that an 1mage 1s
displayed on the screen.

As projection apparatuses, various types including a com-
mercialized product called an “optical projector” have been
proposed. In general optical projectors, a spatial light modu-
lator such as a liquid crystal display 1s illuminated using an
illumination device having a white light source such as a
high pressure mercury lamp to obtain a modulated 1mage,
and the obtained modulated 1mage 1s magnified and pro-
jected onto a screen through lenses. For example, Japanese
Patent Laid-Open No. 2004-264512 discloses a technique to
divide white light generated by a supper-high pressure
mercury lamp into three primary color components R, G,
and B with a dichroic mirror, guide these light beams to
spatial light modulators corresponding to the respective
primary colors to create modulated images, and combine the
created modulated 1mages corresponding to the respective
primary colors by a cross dichroic prism, to project the
images onto a screen.

However, high intensity discharge lamps such as high
pressure mercury lamps have a short lifecycle and when they
are used for optical projectors or the like, they need to be
frequently replaced. In addition, since a relatively large
optical system such as a dichroic mirror 1s needed to extract
light beams of the respective primary color components,
there 1s a problem 1n that the entire system becomes larger.

In order to cope with such problems, a system using a
coherent light source such as a laser has also been proposed.
For example, semiconductor lasers which have been widely
used 1n 1ndustries have a very long lifecycle in comparison
with high intensity discharge lamps such as high pressure
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mercury lamps. In addition, since semiconductor lasers are
capable of generating light of a single wavelength, a spec-

troscopic apparatus such as a dichroic mirror 1s unnecessary,
so that there 1s an advantage in that the entire system
becomes smaller.

On the other hand, 1n the system using a coherent light
source of laser beams or the like, there 1s another problem
in that speckles are generated. Speckles are a spotted pattern
which 1s formed when a coherent light beam such as a laser
beam 1s emitted to a scattering plane. If speckles are
generated on a screen, they are observed as spotted lumi-
nance unevenness, 1.€. brightness unevenness, thus becom-
ing a factor of having physiologically adverse aflect on an
observer. It 1s considered that the reason why speckles are
generated 1n the case of using coherent light beams 1s that
coherent light beams reflected from respective portions of a
scattering and reflecting plane such as a screen have very
high coherency so that coherent light beams interfere with
one another to generate speckles. For example, a theoretical
review ol the generation of speckles 1s made 1 detail n
Speckle Phenomena 1n Optics, Joseph W. Goodman, Roberts
& Co., 2006.

As discussed above, 1n the system using a coherent light
source, since there 1s a problem of generation of speckles
umque to the coherent light source, techniques for suppress-
ing the generation of speckles have been proposed. For
example, Japanese Patent Laid-Open No. 6-208089 dis-
closes a technmique 1 which a laser beam 1s emitted to a
scattering plate, scattered light beams obtained therefrom
are guided to a spatial light modulator, and the scattering
plate 1s driven to rotate by a motor, thus reducing speckles.

SUMMARY OF THE INVENTION

As described above, with respect to projection appara-
tuses and projection-type image display apparatuses using a
coherent light source, techniques for reducing speckles have
been proposed, however, the techniques proposed so far
cannot effectively and suthiciently suppress the generation of
speckles. For example, according to the method disclosed 1n
Japanese Patent Laid-Open No. 6-208089 described above,
laser beams irradiated to a scattering plate are scattered.
Therefore, part of the laser beams 1s 1nevitably lost with no
contribution to 1mage display. In addition, a scattering plate
needs to be rotated 1n order to reduce speckles. However,
such a mechanical rotation mechanism becomes a relatively
large apparatus, and power consumption 1s increased. More-
over, even 11 the scattering plate 1s rotated, the position of the
optical axis of an 1llumination light beam 1s not changed,
hence 1t 1s impossible to sufliciently suppress the generation
of speckles caused by the diffusion on a screen.

Moreover, speckles are not a problem unique to projection
apparatuses, projection-type image display apparatuses and
the like but a problem to various apparatuses having an
illumination device incorporated therein for 1lluminating an
illumination zone with coherent light beams. For example,
scanners for reading 1image information have an 1llumination
device 1ncorporated therein for 1lluminating an object to be
read. When speckles are generated due to light that 1llumi-
nates an object to be read, it 1s 1impossible to read 1mage
information accurately. In order to avoid such inconve-
nience, scanners utilizing coherent light beams are required
to perform a special process such as 1mage correction.

Coherent light beams, for example laser beams as a
typical example, exhibit excellent straightness and can emit
a light of extremely high energy density. Therefore, 1llumi-
nation devices actually developed are preferable to design
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the optical path of coherent light beams in accordance with
the characteristics of coherent light beams.

The inventors have extensively researched under consid-
eration of the points discussed above, and as a result, the
inventors have contrived the invention regarding an illumi- °
nation device which illuminates a region repeatedly with
coherent light beams that are diflracted by a hologram
recording medium or the like, and can make speckles
inconspicuous. Moreover, the inventors have proceeded
with researches and succeeded 1n improvement 1n the illu-
mination device to constantly prevent the generation of a
region extremely bright in the region illuminated with
coherent light beams which have been diffracted by a
hologram recording medium and superimposed one another
on the region. Namely, the purpose of the present invention
1s to provide an illumination device capable of making
speckles inconspicuous and eflectively suppressing the gen-
eration of brightness unevenness 1 a region illuminated
with coherent light beams which have been diffracted by a 20
hologram recording medium and superimposed one another
on the region, and a projection apparatus and a projection-
type 1mage display apparatus that include the i1llumination
device.

In order to solve the problems above, according to an 25
aspect of the present invention, there 1s provided an 1llumi-
nation device comprising;:

an optical device including a hologram recording medium
capable of reproducing an 1image of a scattering plate; and

an 1rradiation unit configured to 1rradiate a coherent light 30
beam to the optical device so that the coherent light beam
scans the hologram recording medium,

wherein the irradiation unit comprises:

a light source for emitting a coherent light beam; and

a scanning device configured to be capable of adjusting a 35
reflection angle of the coherent light beam emitted from the
light source and to make a reflected coherent light beam scan
the hologram recording medium,

wherein the light source comprises a plurality of light
sources for emitting a plurality of coherent light beams 40
having different wavelength ranges,

the hologram recording medium comprises a plurality of
recording areas to be scanned with a plurality of coherent
light beams reflected by the scanning device, respectively,
and 45

cach of the plurality of recording arecas comprises an
interiference fringe that diffracts a coherent light beam of the
corresponding wavelength range,

wherein the optical device uses the plurality of coherent
light beams retlected by interference fringes of the plurality 50
of recording areas to reproduce the image of the reference
member so that each of the coherent light beams 1s diffracted
by the hologram recording medium and the difiracted coher-
ent light beams are superimposed on an illumination zone.

According to an aspect of the present invention, there 1s 55
provided an illumination device comprising;

an optical device comprising a hologram recording
medium that can reproduce an 1image of a reference member;
and

an 1rradiation unit configured to 1rradiate a coherent light so
beam to the optical device so that the coherent light beam
scans the hologram recording medium,

wherein the irradiation unit comprises:

a light source configured to emit a coherent light beam:;
and 65
a scanning device configured to be capable of adjusting a

reflection angle of the coherent light beam emaitted from the
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light source and to make a reflected coherent light beam scan
the hologram recording medium,

wherein the light source comprises a plurality of light
sources configured to emit a plurality of coherent light
beams having different wavelength ranges, and

the hologram recording medium comprises a plurality of
recording areas to be scanned with a plurality of coherent
light beams reflected by the scanning device, respectively,
and

cach of the plurality of recording areas comprises an
interference fringe that diffracts a coherent light beam of the
corresponding wavelength range,

wherein the optical device uses the plurality of coherent
light beams retlected by interference fringes of the plurality
of recording areas to reproduce the image of the reference
member so that each of the coherent light beams 1s diffracted
by the hologram recording medium and the difiracted coher-
ent light beams are superimposed on at least one portion.

According to the present invention, it 1s possible to
ellectively make speckles inconspicuous 1n a region or on an
image projection surface superimposingly illuminated with
coherent light beams diffracted by a hologram recording
medium or the like and eflectively suppress the generation
of unevenness of brightness and color 1n the region or on the
image projection surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing a schematic configuration of a
projection-type image display apparatus;

FIG. 2 1s a view explaining the operational principle of an
illumination device 40 of FIG. 1;

FIG. 3 1s a view explaining a state in which an 1mage of
a scattering plate 1s formed on a hologram recording
medium 35 as interference Iringes;

FIG. 4 1s a view explaining a state in which an 1image of
a scattering plate 1s reproduced using interference Iringes
generated 1n the hologram recording medium 55 obtained

through an exposure process of FIG. 3;

FIG. 5 1s a view explaining a structure of the hologram
recording medium 55;

FIG. 6 1s a view explaining a scanning route of a scanning,
device 65;

FIG. 7 1s a view showing a modification of FIG. 1;

FIG. 8 1s a view showing another modification of FIG. 1;

FIG. 9 15 a view showing another modification of FIG. 1;

FIG. 10 1s a view showing another modification of FIG.
1

FIG. 11 1s a view explaining color arrangement 1n a laser
array;

FIG. 12 1s a view explaining a structure of the hologram
recording medium 55;

FIG. 13 1s a view indicating a modification of FIG. 12;

FIG. 14 1s a view explaining one modification of an
optical device, that 1s a plan view showing an optical device
with the corresponding i1llumination zones;

FIG. 15 1s a view explaining another modification of the
optical device, that 1s a plan view showing an optical device
with the corresponding i1llumination zones;

FIG. 16 1s a view showing an example 1n which a mirror
device 66 1s rotated 1n two axial directions; and

FIG. 17 1s a view showing an example 1n which a parallel
beam 1s incident on the hologram recording medium 33.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Herematter, embodiments of the present invention will be
explained with reference to the drawings. In the accompa-
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nying drawings of the present description, for the sake of
simplicity 1n drawings and of ease of understanding, the

scale, the ratio of height to width, etc., are appropnately
modified or enlarged.

An 1llumination device, a projection apparatus, and a
projection-type i1mage display apparatus according to an
embodiment of the present invention have a configuration
capable of effectively preventing the generation of speckles,
as a basic configuration. Moreover, an 1llumination device,
a projection apparatus, and a projection-type image display
apparatus according to an embodiment of the present inven-
tion have a configuration as being added to the basic
configuration capable of eflectively preventing the genera-
tion of speckles, capable of stably achieving high quality and
being safely used, by designing optical paths of coherent
light beams while focusing on the characteristics of coherent
light beams such as high coherency and high energy density.
In the following description, by referring to an illumina-
tion device and a projection-type image display apparatus
exemplified in FIGS. 1 to 8, a configuration for making
speckles 1nconspicuous, advantageous eflects exhibited
based on the configuration, and a modification of the con-
figuration will be explained as a basic embodiment. Subse-
quently, a configuration that can be added to the basic
embodiment, capable of stably achieving high quality and
being safely used, advantageous eflects exhibited based on
the configuration, and a modification of the configuration
will be explained as an additional embodiment.

BASIC EMBODIMENT

Configuration of Basic Embodiment

Firstly, a configuration of a projection-type image display
apparatus including an 1llumination device and a projection
apparatus for projecting coherent light beams and capable of
making speckles inconspicuous will be explained referring
mainly to FIGS. 1 to 8.

A projection-type 1mage display apparatus 10 shown 1n
FIG. 1 1s provided with a screen 15 and a projection
apparatus 20 for projecting an image light generated by
coherent light beams. The projection apparatus 20 1s pro-
vided with an illumination device 40 for illuminating an
i1llumination zone LZ located on a virtual plane with coher-
ent light beams, a spatial light modulator 30 that 1s provided
on the location overlapping with the illumination zone LZ
and 1s 1lluminated with coherent light beams by the 1llumi-
nation device 40, and a projection optical system 235 for
projecting coherent light beams from the spatial light modu-
lator 30 onto the screen 15.

As the spatial light modulator 30, for example, a trans-
mission-type liquid crystal microdisplay can be used. In this
case, the spatial light modulator 30 1s illuminated by the
illumination device 40 1n the plane direction and coherent
light beams passes through the spatial light modulator 30
selectively per pixel. In this way, the spatial light modulator
30 generates a modulated 1mage on a display. The generated
modulated 1image, 1.e. an 1mage light, 1s varied its size by the
projection optical system 25 and projected onto the screen
15. In this way, a modulated image 1s displayed on the screen
15 with a varied size, 1.e. usually, magnified, so that an
observer can observe the image.

As the spatial light modulator 30, a reflection-type micro-
display can also be used. In this case, a modulated 1image 1s
generated by reflected light beams at the spatial light modu-
lator 30 so that a plane on the spatial light modulator 30
illuminated with coherent light beams from the 1llumination

10

15

20

25

30

35

40

45

50

55

60

65

6

device 40 and an emitting plane for light beams of an 1mage,
1.e. reflected light beams, of a modulated 1image generated by
the spatial light modulator 30 become the same plane. When
utilizing such retlected light beams, it 1s possible to use a
MEMS (Micro Electro Mechanical Systems) device such as
a DMD (Digital Micromirror Device) as the spatial light
modulator 30. In the apparatus disclosed 1n Japanese Patent
Laid-Open No. 6-208089, a DMD 1s used as the spatial light
modulator.

Moreover, 1t 1s preferable that the incidence plane of the
spatial light modulator 30 has the same shape and size as the
illumination zone L.Z that 1s illuminated with coherent light
beams by the illumination device 40. The reason 1s that
coherent light beams from the 1llumination device 40 can be
used for displaying an image on the screen 15 at high
utilization efliciency.

The screen 15 may be a transmission-type screen or a
reflection-type screen. In the case where the screen 15 1s a
reflection-type screen, an observer observes an 1mage cre-
ated by coherent light beams reflected on the screen 13 at the
same side as the projection apparatus with respect to the
screen 15. On the other hand, 1n the case where the screen
15 1s a transmission-type screen, an observer observes an
image created by coherent light beams that have passed
through the screen 15 at the opposite side of the projection
apparatus with respect to the screen 15.

Coherent light beams projected onto the screen 15 are
diffused and recognized by an observer as an 1image. In this
case, the coherent light beams projected onto the screen
interfere with one another due to the diffusion, thus gener-
ating speckles. However, 1n the projection-type image dis-
play apparatus 10 which 1s described here, the 1llumination
device 40 which will be described later has a configuration
in which the illumination zone LZ overlapped with the
spatial light modulator 25 1s illuminated with coherent light
beams that exhibit angular vanation with time. In more
specifically, the illumination device 40 which will be
described later has a feature in that, although the entire
region ol the illumination zone LZ i1s illuminated with
diffused light of coherent light beams, the incident angle of
diffused light on the 1llumination zone LZ varies with time.
This results 1n that a diffusion pattern of coherent light
beams on the screen 15 also varies with time, so that
speckles caused by the diffusion of the coherent light beams
become 1inconspicuous as they are superimposed one another
with time. Hereinafter, the 1llumination device 40 described
above will be explained more 1n detail.

FIG. 2 1s a view explaining the operational principle of the
illumination device 40 of FIG. 1. In FIG. 2, for the sake of
casy explanation, only a part of components 1n the 1llumi-
nation device 40 1s shown. Hereinafter, the basic operational
principle of the illumination device 40 of FIG. 1 will be
explained using FIG. 2.

The illumination device 40 according to the present
embodiment 1s provided with an optical device 30 that
directs a propagation direction of coherent light beams to the
illumination zone LZ and an irradiation unit 60 that 1rradi-
ates the optical device 50 with coherent light beams. The
optical device 50 includes a hologram recording medium 55
that can reproduce an 1mage of a scattering plate not shown.

The hologram recording medium 55 can receive coherent
light beams emitted from the irradiation umt 60 as repro-
duction illumination light beams La and diffract the coherent
light beams at high efliciency. Above all, the hologram
recording medium 53 1s configured to be capable of repro-
ducing an 1mage of a scattering plate by diflracting coherent
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light beams incident on 1ts respective positions, i other
words, respective micro zones which should be called
respective points.

The wrradiation unit 60 1s configured so that the optical
device 50 uses coherent light beams emitted to the hologram
recording medium 55 to scan the hologram recording
medium 55. Therefore, a zone on the hologram recording
medium 55 1lluminated with coherent light beams by the
irradiation unit 60 at a moment 1s a portion of the surface of
the hologram recording medium 55, 1.e. in the example
shown, a micro zone which should be called a point.

Coherent light beams emitted from the irradiation unit 60
to scan the hologram recording medium 55 are incident on
respective positions, 1.€. respective points or respective
zones, on the hologram recording medium 33 at an incident
angle that satisfies diflraction requirements of the hologram
recording medium 535. Coherent light beams incident on
respective positions of the hologram recording medium 35
from the 1rradiation unit 60 are difiracted by the hologram
recording medium 55 to illuminate the zones that are over-
lapped with one another at least partially. Above all 1n the
embodiment described here, coherent light beams incident
on respective positions of the hologram recording medium
53 from the 1rradiation unit 60 are difiracted by the hologram
recording medium 355 to illuminate the same 1llumination
zone L.Z. In more detail, as shown 1n FIG. 2, the coherent
light beams incident on respective positions of the hologram
recording medium 35 from the rradiation unit 60 reproduce
an 1mage ol a scattering plate 1n a manner that the image 1s
superimposed on the illumination zone LZ. Namely, each
coherent light beam incident on each position of the holo-
gram recording medium 535 from the irradiation unit 60 is
diffused, 1.e. spread, by the optical device 50 to be incident
on the illumination zone LZ.

As for the hologram recording medium 55 that enables the
diffraction of coherent light beams described above, 1n the
example shown, a transmission-type volume hologram using
photopolymer 1s used. FIG. 3 1s a view explaining a state in
which an 1mage of a scattering plate 6 1s generated on the
hologram recording medium 55 as interference iringes.
Here, the scattering plate 6 1s a reference member and 1t does
not matter what a configuration the scattering plate 6 has.

As shown 1n FIG. 3, the hologram recording medium 55
1s produced using scattered light beams from an actual
scattering plate 6 as object beams Lo. FIG. 3 shows a state
in which a hologram photosensitive material 38 that exhibits
photosensitivity to become the hologram recording medium
55 15 exposed by reference beams Lr and object beams Lo,

both being coherent lights that exhibit coherence to each
other.

As for the reference beams Lr, for example, laser beams
from a laser source that oscillates laser beams 1n a specific
wavelength range are used. The reference beams Lr pass
through a condenser element 7 made of a lens and are
incident on the hologram photosensitive material 58. In the
example shown 1n FIG. 3, laser beams to become the
reference beams Lr are imncident on the condenser element 7
as a parallel light flux that 1s parallel with the optical axis of
the condenser element 7. By passing through the condenser
clement 7, the reference beams Lr are reshaped, 1.e. con-
verted, from a parallel light flux into a convergent light flux
and 1ncident on the hologram photosensitive material 58. On
this occasion, a focal point FP of the convergent light flux Lr
1s located at a position beyond the hologram photosensitive
material 58. In other words, the hologram photosensitive
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material 58 1s located between the condenser element 7 and
the focal point FP of the convergent light flux Lr collected
by the condenser element 7.

Next, the object beams Lo are incident on the hologram
photosensitive material 58 as scattered light from the scat-
tering plate 6 made of opal glass, for example. In the
example shown 1n FIG. 3, the hologram recording medium
55 to be produced 1s a transmission type and the object
beams Lo are incident on the hologram photosensitive
material 58 on the same side as the reference beams Lr. It 1s
a precondition that the object beams Lo are coherent with the
reference beams Lr. Therefore, for example, 1t 1s possible to
separate laser beams oscillated by the same single laser
source and use one of the separated ones as the reference
beams Lr and the other as the object beams Lo.

In the example shown i FIG. 3, a parallel light flux that
1s parallel with the direction of normal to the plate surface
ol the scattering plate 6 1s incident on the scattering plate 6
and scattered, and then the scatted beams that have passed
through the scattering plate 6 are incident on the hologram
photosensitive material 38 as the object beams Lo. Accord-
ing to this method, when an i1sotropic scattering plate avail-
able at low cost 1s used as the scattering plate 6, the object
beams Lo can be easily incident on the hologram photosen-
sitive material 58 at roughly constant intensity distribution.
Moreover, according to this method, although depending on
the degree of scattering by the scattering plate 6, the
reference beams Lr can be easily incident on respective
positions of the hologram photosensitive material 58 at
roughly constant intensity from the entire region of a light-
emitting surface 6a of the scattering plate 6. In such a case,
it 1s achievable that light beams incident on respective
positions of the obtamned hologram recording medium 335
reproduce 1mages 5 of the scattering plate 6 at similar
brightness and reproduced images 3 of the scattering plate 6
are observed at roughly constant brightness.

As described above, when the hologram photosensitive
material 58 1s exposed by the reference beams Lr and object
beams Lo, interference ifringes caused by the interference
between the reference beams Lr and object beams Lo are
generated and mterference Iringes of these light beams are
recorded in the hologram photosensitive material 58 as some
form of pattern, 1.¢. an refractive index modulation pattern,
as one example 1n a volume hologram. Thereafter, an
appropriate post-treatment corresponding to the type of the
hologram photosensitive material 38 1s applied, thereby
obtaining the hologram recording medium 55.

FIG. 4 1s a view explaining a state in which an 1mage of
a scattering plate 1s reproduced using interference Iringes
formed 1n the hologram recording medium 35 obtained
through an exposure process of FIG. 3. As shown in FIG. 4,
the hologram recording medium 35 produced with the
hologram photosensitive material 58 of FIG. 3 meets its
Bragg condition by means of light beams that have the same
wavelength as the laser beams used 1n the exposure process
and travel 1n a reverse direction of the reference beams Lr
along an optical path of the reference beams Lr. Namely, as
shown 1n FIG. 4, a diverging light flux that diverges from a
reference point SP located with respect to the hologram
recording medium 55 so as to have the same positional
relationship as the relative position of the focal point FP 1n
FIG. 3 with respect to the hologram photosensitive material
58 and that has the same wavelength as the reference beams
Lr 1n the exposure process 1s refracted by the hologram
recording medium 535 as the reproduction illumination light
beams La, thereby creating the image 35 of the scattering
plate 6 at a specific location with respect to the hologram
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recording medium 50 so as to have the same positional
relationship as the relative position of the scattering plate 6
in FIG. 3 with respect to the hologram photosensitive
material 58 1n the exposure process.

In this occasion, reproduction beams Lb, 1.e. beams
obtained by diffracting the reproduction i1llumination light
beams La by the hologram recording medium 33, for cre-
ating a reproduced 1mage 5 of the scattering plate 6 repro-
duce respective points of the image 5 of the scattering plate
6 as beams travelling in the reverse direction of the optical
path of the object beams Lo travelled towards the hologram
photosensitive material 58 from the scattering plate 6 in the
exposure process. Moreover, as described above and as
shown 1n FIG. 3, scattered beams Lo emitted from respec-
tive points of the light-emitting surface 6a of the scattering
plate 6 1n the exposure process are diffused, 1.e. spread, to be
incident on roughly entire region of the hologram photo-
sensitive material 58. Namely, on respective points of the
hologram photosensitive material 58, the object beams Lo
from the entire region of the light-emitting surface 6a of the
scattering plate 6 are incident. As a result, information of the
entire light-emitting surface 6a 1s recorded at respective
points of the hologram recording medium 535. It 1s therefore
possible that beams which constitute a diverging light flux
from the reference point SP and function as the reproduction
illumination light beams La are incident on respective points
of the hologram recording medium 355 to reproduce the
images 5 of the scattering plate 5 having the same contour
as one another at the same location, 1.e. the illumination zone
L7, respectively.

The light beams incident on the hologram recording
medium 535 are diffracted 1n the direction of the illumination
zone LZ, hence useless scattered light can be eflectively
restricted. Therefore, all of the reproduction i1llumination
beams La incident on the hologram recording medium 35
can be eflectively used for creating the image of the scat-
tering plate 6.

Next, the configuration of the 1rradiation unit 60 that emaits
coherent light beams to the optical device 50 made of the
hologram recording medium 355 described above will be
explained. In the example shown 1n FIGS. 1 and 2, the
irradiation unit 60 1s provided with laser sources 61r, 61g
and 615 of three colors each generating coherent light beams
and a scanning device 61 that changes the propagation
direction of coherent light beams from these laser sources
61.

The laser sources 61r», 61g and 615 emit coherent light
beams of different wavelength ranges. Specifically, the laser
source 617 emits light 1n red, the laser source 61g emits light
in green, and the laser source 615 emits light 1n blue. In
addition to these three types of laser sources, a laser source
having another wavelength range, 1n other words, emitting,
light 1n another color, for example, yellow, may be provided.
Moreover, at least one of the laser sources 617, 61g and 615
may be replaced with a laser source that emits light in
another color.

The hologram recording medium 55 1s, as shown 1n an
enlarged view 1 FI1G. 5, provided with three recording areas
557, 55¢ and 55b that correspond to the laser sources 61,
61¢ and 615, respectively. On the recording area 557, a red
coherent light beam from the laser source 61 that 1is
reflected by the scanning device 65 1s 1ncident, thereby an
image 5 of the scattering plate 6 being created on the entire
region of the illumination zone LZ. The scanning device 65
changes a retlection angle of the red coherent light beam
from the laser source 61r with time. In response to the
change in reflection angle, an 1lluminating position of the red
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coherent light beam 1n the recording area 557 also changes.
However, the retlection angle of the scanning device 65 is
controlled so that a red coherent light beam from the
scanning device 65 1s not incident on a position outside the
recording area 3357

In a similar manner, on the recording area 53¢, a green
coherent light beam from the laser source 61g that 1is
reflected by the scanning device 65 i1s incident, thereby an
image 5 of the scattering plate 6 being created on the entire
region of the illumination zone LZ. Moreover, on the
recording area 55b, a blue coherent light beam from the laser
source 615 that 1s reflected by the scanning device 65 1s
incident, thereby an 1mage 5 of the scattering plate 6 being
created on the entire region of the illumination zone LZ.

After all, the 1llumination zone LZ 1s illuminated with
three colors of red, green and blue. In the case where the
laser sources 617, 61g and 615 simultaneously emit coherent
light beams, the i1llumination zone LZ 1s illuminated with a
white color into which these colors are mixed.

The recording areas 357, 55¢ and 556 may not always
necessarily be tightly arranged but may have a gap therebe-
tween. In this case, coherent light beams reflected by the
scanning device 65 are not incident on the gap which,
however, poses no problem in practical use. Moreover, the
recording areas 357, 55g and 53b need not have an equal
area. When 1nterference ifringes are formed in the recording
areas 557, 55¢ and 555) 1n a manner that interference fringes
are superimposed one another, the amount of refractive
index modulation becomes smaller for each of the interfer-
ence Iringes corresponding to the respective colors, which
results 1n different brightness in the illumination zone LZ
compared to monochromatic interference fringes. Therefore,
it 1s prelerable that the recording areas 357, 55g and 355 are
not overlapped one another.

In order to provide the recording areas 557, 55g and 3555
in the hologram recording medium 55, reference beams Lr
and object beams Lo are emitted to the respective recording
areas to form interference Iringes on the corresponding
recording areas, according to the principle of FIG. 3.

Although depending on the characteristics of the laser
sources 617, 61g and 615, there 1s a case 1n which a color
much closer to white can be reproduced by providing
another laser source, for example, a laser source that emits
light in vyellow, that emits light 1n a color other than red,
green and blue. Therefore, the type of laser sources provided
in the 1rradiation unmit 60 1s not limited to any particular type.
For example, 1n the case of providing laser sources of four
colors, the hologram recording medium 535 may be parti-
tioned 1nto four regions so as to correspond to the respective
laser sources.

The scanning device 65 changes the propagation direction
of a coherent light beam with time to direct the coherent
light beam 1n different directions so that the coherent light
beam does not travel 1n the same direction. This results in
that the coherent light beam, the propagation direction of
which 1s changed by the scanning device 65, scans the
incidence surface of the hologram recording medium 55 of
the optical device 50. In the example of FIG. 1, three types
of coherent light beams are incident on the scanning device
65 from the laser sources 617, 61g and 615. Therelore, the
scanning device 65 changes the reflection angle of these
coherent light beams with time to scan the incident surfaces
of the recording areas 357, 55¢g and 556 of the hologram
recording medium 35, respectively.

In the example of FIG. 2, the scanning device 63 includes
a reflection device 66 having a retlection surface 66a rotat-
able about one axis line RA1. FIG. 6 15 a view explaining a
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scanning route of the scanning device 65. As understood
from FIG. 6, the reflection device 66 has a mirror device that
has a mirror as the reflection surface 66a rotatable about one
axis line RA1. The reflection device 66 1s configured to
change the orientation of the mirror 66a to change the
propagation direction of the coherent light beams from the
laser sources 617, 61g and 615b. In this occasion, as shown
in FI1G. 2, the mirror device 66 1s provided so as to receive
the coherent light beams from the laser sources 61, 61g and
615 roughly at the reference point SP.

A coherent light beam that has undergone final adjust-
ments of the propagation direction by the mirror device 66,
can be incident on the hologram recording medium 35 of the
optical device 50 as a reproduction 1llumination light beam
La that can become one beam of a diverging light flux from
the reference point SP 1n FIG. 4. As a result, coherent light
beams Ifrom the irradiation unit 60 scan the hologram
recording medium 55 and coherent light beams incident on
respective positions of the hologram recording medium 35

reproduce 1mages 3 of the scattering plate 6 having the same
contour on the same location, 1.e. the 1llumination zone LZ.

As shown 1n FIG. 6, the mirror device 66 shown 1n FIG.
2 15 configured to rotate the mirror 66a about one axis line
RA1. In the example shown in FIG. 6, the rotation axis line
RA1 of the mirror 66a extends 1n parallel with the y-axis of
the x-y axis system, that 1s, the x-y axis system having the
x-y plane in parallel with the surface of the hologram
recording medium 535, defined on the surface of the holo-
gram recording medium 55. Then, the mirror 66a rotates
about the axis line RA1 that 1s 1n parallel with the y-axis of
the x-y axis system defined on the surface of the hologram
recording medium 55. Therefore, an incidence point IP of a
coherent light beam from the wrradiation umt 60 on the
optical device 50 moves 1n a reciprocating motion in the
direction parallel with the x-axis of the x-y axis system
defined on the surface of the hologram recording medium
55. Namely, in the example shown in FIG. 7, the 1rradiation
unit 60 emits a coherent light beam to the optical device 50
to scan the hologram recording medium 55 along a straight
route.

The scanning device 65 constituted by the mirror device
66 and other components 1s, as described above, a member
rotatable about at least the axis line A1 and configured with
a MEMS, for example. The scanning device 65 periodically
moves 1n rotational motion, however, there 1s no particular
limitation on 1ts rotational frequency.

As a practical problem, there 1s a case where the hologram
photosensitive material 38 shrinks when the hologram
recording medium 35 1s produced. In such a case, 1t 1s
preferable to adjust the recording angles of coherent light
beams to be entered to the optical device 50 from the
irradiation unit 60 under consideration of the shrinkage of
the hologram photosensitive material 58. The wavelengths
ol coherent light beams generated by the laser sources 61,
61¢ and 615 do not need to be precisely the same as the
wavelength of the light beam used 1n the exposure process,
recording process, of FIG. 3 but may be roughly the same.
In a similar reason, even 1 the propagation direction of a
light beam to be incident on the hologram recording medium
55 of the optical device 50 does not take precisely the same
route as one beam included 1n a diverging light flux from the
reference point SP, an image 5 can be reproduced in the
illumination zone LZ. Actually, in the examples shown 1n
FIGS. 2 and 6, the mirror, 1.e. reflection plane 66a of the
mirror device 66 composing of the scanning device 63 1s
inevitably displaced from 1ts rotational axis line RA1. There-
fore, 1n the case where the mirror 66a 1s rotated about the
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rotational axis line RA1 that does not pass through the
reference point SP, 1t happens that a light beam to be incident

on the hologram recording medium 55 1s not one of the
beams that constitute a diverging light flux from the refer-
ence poimnt SP. However, practically, an 1mage 5 can be
substantially reproduced in a manner that the image 5 1s
superimposed on the illumination zone LZ by means of
coherent lights from the 1rradiation unit 60 having the shown
configuration.

ftects of Basic Embodiment

[T

Next, the functions of the i1llumination device 40, the
projection apparatus 20 and the projection-type image dis-
play apparatus 10 having the configurations described above
will be explained.

Firstly, the 1rradiation unit 60 emits coherent light beams
to the optical device 50 so as to scan the hologram recording
medium 35 of the optical device 50. Specifically, the laser
sources 617, 61g and 615 generate coherent light beams
having a specific wavelength that travel along a umidirection.
These coherent light beams are emitted to the same refer-
ence point on the scanning device 635 to change their
respective propagation directions. More specifically, the
coherent light beams travel towards the hologram recording
medium 35 at reflection angles 1n accordance with incident
angles from the laser sources 617, 61¢g and 615, respectively.

The scanning device 65 makes coherent light beams of a
specific wavelength incident on specific positions in respec-
tive recording areas on the hologram recording medium 335
at an incident angle that meets the Bragg condition on the
respective positions. As a result, the coherent light beams
incident on the specific positions 1n the respective recording
areas reproduce images 5 of the scattering plate 6 1 a
manner that the images 5 are superimposed one another on
the entire region of the 1llumination zone LZ by diffraction
caused by interference iringes recorded in the hologram
recording medium 55. Namely, the coherent light beams
incident on specific positions in respective recording areas
are diffused, 1.e. spread, by the optical device 50 to be
incident on the entire region of the 1llumination zone LZ. In
this way, the 1rradiation unit 60 i1lluminates the 1llumination
zone L.Z with coherent light beams. As described above, the
laser sources 617, 61g and 615 emit light in different colors,
and hence 1mages 5 of the scattering plate 6 are reproduced
on the i1llumination zone L.Z 1n respective colors. Therefore,
in the case where the laser sources 617, 61g and 615 emut
light stmultaneously, the illumination zone LZ 1s 1lluminated
with a white color that 1s a mixture of three colors.

The position of incidence of coherent light beams from
the scannming device 65 1s shifted with time 1n each recording
area by the operation of the scanning device 65.

As shown 1n FIG. 1, 1n the projection apparatus 20, the
spatial light modulator 30 1s provided at the location over-
lapping with the 1llumination zone LZ. Therefore, the spatial
light modulator 30 1s 1lluminated by the illumination device
40 1n the plane direction so that coherent light beams are
selectively passed through per pixel to create an image. This
image 1s projected onto the screen 15 by the projection
optical system 25. The coherent light beams projected onto
the screen 15 are diffused and recognized by an observer as
an 1mage. Nevertheless, the coherent light beams projected
onto the screen 15 interfere with one another due to the
diffusion to generate speckles.

However, according to the illumination device 40 in the
basic embodiment described here, speckles become incon-
spicuous very eflectively, as explained below.
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According to Speckle Phenomena i Optics, Joseph W.
Goodman, Roberts & Co., 2006 cited above, 1t 1s eflective to
integrate parameters such as polarization, phase, angle and
time to increase modes. The modes here are speckle patterns
with no correlation one another. For example, 1n the case
where coherent light beams are projected onto the same
screen 1n different directions from a plurality of laser
sources, modes exist 1n the same number as the laser
sources. Moreover, in the case where coherent light beams
are projected onto a screen in different directions intermit-
tently from the same laser source, modes exist by the
number of changes 1n the incidence direction of the coherent
light beams during the time that 1s not covered by the
resolution of human eyes. It 1s assumed that, 1n the case
where there are many of this mode, the interference patterns
of light are superimposed and averaged with no correlation,
and as a result, speckles observed by eyes of an observer are
Inconspicuous.

In the wrradiation unit 60 described above, coherent light
beams are emitted to the optical device 50 to scan the
hologram recording medium 35. Although coherent light
beams 1incident on respective locations of the hologram
recording medium 355 illuminate the entire region of the
same 1llumination zone LZ, the illuminating direction of the
coherent light beams to 1lluminate the illumination zone LZ
are different from one another. And, since the position on the
hologram recording medium 35 on which a coherent light
beam 1s incident changes with time, the incidence direction
of the coherent light beam on the 1llumination zone LZ also
changes with time.

When considering the i1llumination zone LZ as the refer-
ence, a coherent light beam 1s always incident on each
location of the 1llumination zone L.Z, however, its incidence
direction always changes within a range of angle indicated
by Al in FIG. 2. As a result, a light beam that makes up each
pixel of an 1image created by light passing through the spatial
light modulator 30 1s projected onto a specific position of the
screen 15 while changing 1ts optical path with time within a
range of angle indicated by A2 in FIG. 2.

A coherent light beam continuously scans the hologram
recording medium 535. Following to this, the incidence
direction of a coherent light beam to the illumination zone
[.Z from the 1rradiation unit 60 also continuously changes
and the incidence direction of a coherent light beam to the
screen 15 from the projection apparatus 20 also continuously
changes. When the incidence direction of a coherent light
beam to the screen 15 from the projection apparatus 20
changes slightly, for example, an angle less than 1°, a
speckle pattern generated on the screen 135 changes greatly,
resulting 1n superimposition of speckle patterns with no
correlation. In addition, the frequency of a scanning device
65 such as a MEMS muirror and a polygonal mirror actually
on the market 1s usually several hundred Hz or higher and a
scanning device 65 of frequency reaching several ten thou-
sands Hz 1s not rare.

Accordingly, according to the basic embodiment
described above, the incidence direction of a coherent light
beam changes with time on each location on the screen 15
that 1s displaying an 1mage and this change occurs at a speed
that 1s not covered by the resolution of human eyes. As a
result, scattering patterns ol coherent light beams with no
correlation are superimposed and observed by human eyes.
Therefore, speckles generated corresponding to respective
scattering patterns are superimposed and observed by an
observer. Accordingly, speckles become inconspicuous
ellectively to an observer who observes an 1mage displayed
on the screen 15 that 1s displaying an image.
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Conventionally, speckles observed by humans are not
only speckles at the screen side caused by the scattering of
coherent light beams on the screen 15 but also speckles at
the projection apparatus side that could occur due to the
scattering of coherent light beams before projection onto the
screen. The speckle pattern generated at the projection
apparatus side 1s also recognizable to an observer by being
projected onto the screen 15 via the spatial light modulator
30. However, according to the basic embodiment described
above, coherent light beams continuously scan the hologram
recording medium 55 and each of the coherent light beams
incident on respective locations on the hologram recording
medium 55 1lluminates the entire region of the 1llumination
zone LZ on which the spatial light modulator 30 1s provided.
Namely, the hologram recording medium 355 creates new
wavelronts different from the prior wavelronts that have
tformed speckle patterns, thereby illuminating the screen 15
in a complex manner and uniformly via the i1llumination
zone LZ and further the spatial light modulator 30. By the
creation of new wavelronts at the hologram recording
medium 35, speckle patterns generated at the projection
apparatus side become invisible.

In Speckle Phenomena 1n Optics, Joseph W. Goodman,
Roberts & Co., 2006 mentioned above, a method using a
numerical value corresponding to a speckle contrast as a
parameter to indicate the degree of speckles generated on a
screen 1s proposed. The speckle contrast 1s the quantity
defined as a value obtained by dividing the standard devia-
tion of variation 1n intensity actually occurred on a screen by
an average value of the intensity when a test-pattern image
to originally exhibit uniform intensity distribution 1s dis-
played. A larger value of the speckle contrast means a larger
degree of generation of speckles on a screen and 1ndicates to
an observer that a spotted luminance-unevenness pattern 1s
more remarkable.

According to the experiments by the inventor of the
present invention, the measurements of the speckle contrast
show that a speckle contrast was 3.0%, hereinaiter called
Condition 1, for an projection-type image display apparatus
according to the basic embodiment configured with a single
laser source and a reflection-type volume hologram. In
addition, 1nstead of the reflection volume hologram, when a
relief hologram was used as the optical device 50 described,
as a computer-generated hologram (CGH) having a convex-
concave shape designed using a computer so as to reproduce
the 1mage 5 ol the scattering plate 6 when receiving a

specific reproduction illumination light beam, a speckle
contrast was 3.7%., hereinafter called Condition 2. In an
HDTV (high definition TV) display application, a speckle
contrast of 6.0% or less 1s set as the standard as level at
which an observer cannot almost recognize a luminance-
unevenness pattern through visual observation, for example,
refer to W(O/2001/081996. The basic embodiment described
above fully satisfies the standard. Moreover, 1n actual visual
observation, luminance unevenness, 1.¢. brightness uneven-
ness, did not occur to a degree that 1t can be visually
percerved.

On the other hand, when laser beams from a laser source
were shaped into a parallel light flux and i1ncident on the
spatial light modulator 30, that 1s, when coherent light
beams from a single laser source were incident on the spatial
light modulator 30 of the projection-type image display
apparatus 10 shown in FIG. 1 as a parallel light flux without
via the scanning device 635 and the optical device 50, a
speckle contrast was 20.7%, hereinafter called Condition 3.
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Under this condition, spotted luminance-unevenness pat-
terns were very conspicuously observed through visual
observation.

In addition, when the laser source was replaced with a
green LED being an incoherent light source and light beams
from this LED light source were incident on the spatial light
modulator 30, that 1s, when incoherent light beams from the
LED light source were incident on the spatial light modu-
lator 30 of the projection-type 1mage display apparatus 10
shown 1n FIG. 1 as a parallel light flux without via the scan
device 65 and the optical device 50, a speckle contrast was
4.0%, hereinafter called Condition 4. Under this condition,
luminance unevenness, 1.¢. brightness unevenness, to a
degree that 1t can be perceived through visual observation
did not occur.

The results of Conditions 1 and 2 are much better than the
result of Condition 3 and are also better than the measure-
ment result of Condition 4. As discussed above, the problem
of generation of speckles is practically a problem unique to
the case of using a coherent light source of a laser beam or
the like, and thus, the problem needs not be considered 1n the
case ol an apparatus using an incoherent light source such as
an LED. In addition, in comparison with Condition 4, 1n
Conditions 1 and 2, the optical device 50 which may cause
generation of speckles 1s added. In view of these points, 1t
can be said that the speckle defect was dealt with sufliciently
according to Conditions 1 and 2.

In addition, according to the basic embodiment described
above, the following advantages can be obtained.

According to the basic embodiment described above, the
optical device 50 for making speckles inconspicuous can
also Tunction as an optical member for shaping and adjusting
the beam shape of a coherent light beam emitted from the
irradiation device 60. Therelfore, 1t 1s possible to miniaturize
and simplify the optical system.

Moreover, according to the basic embodiment described
above, coherent light beams 1ncident on respective recording
areas of the hologram recording medium 55 create images of
the scattering plate 6 in respective colors on the entire region
of the 1llumination zone LZ and the spatial light modulator
30 1s provided so that 1t 1s overlapped with the image 5.
Therefore, 1t 1s possible to utilize all of the light beams
diffracted by the hologram recording medium 535 for image
creation, thus improving utilization efliciency of light beams
from the laser sources 617, 61g and 615.

Mode of Coherent Light Beam Emitting Direction

In FIG. 1, coherent light beams from the laser sources 617,
61g and 61bH are converged on one point of the scanning
device 65. Therefore, the area of the mirror surface of the
scanning device 65 can be smaller, the weight of the
scanning device 65 can be lighter, and power consumption
needed for rotation of the scanning device 65 can be smaller.
Nevertheless, since coherent light beams from the laser
sources 617, 61g and 615 are converged on one point,
intense light 1s emitted to specific portions of the mirror
surface. Therefore, there 1s a problem concerning durability
in that the life of the scanning device 65 becomes shorter.
For this reason, a technique of scattering coherent light
beams emitted to the mirror surface of the scanning device
65 1s also considered.

FIG. 7 1s a view showing one example of a projection-

type 1mage display apparatus 10a in which coherent light
beams emitted from laser sources 61r, 61g and 616 are
incident on a scanning device 63 as parallel beams and
coherent light beams retlected by a scanning device 65 are
incident on a hologram recording medium 35 as diverging
beams.
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In the projection-type 1mage display apparatus 10a of
FIG. 7, coherent light beams emitted from laser sources 61r,
612 and 615 are incident on three positions of the scanning
device 65 and the coherent light beams are reflected from the
respective positions towards the hologram recording
medium 55.

As described above, since the scanning device 65 per-
forms a rotary motion, the reflection angle of each reflected
coherent light beam also changes in accordance with the
rotary motion. However, the parallel state of the three types
of reflected coherent light beams remain unchanged. There-
fore, on the recording areas 535r, 55¢ and 5356 of the
hologram recording medium 55, the corresponding retlected
coherent light beams are incident.

Accordingly, in the projection-type 1mage display appa-
ratus 10a of FIG. 7, retlected beams of a light flux incident
on the scanning device 635 1n parallel are guided to the
hologram recording medium 55. Therefore, 1t 1s required to
partition the hologram recording medium 55 into three
regions and provide three reference beams Lr of a converged
light flux to be emitted to the respective three regions,
instead of the converged light flux shown i FIG. 3, as
reference beams Lr to be used for forming interference
fringes on the hologram recording medium 55 beforehand.

Moreover, as described above, coherent light beams emit-
ted to the mirror surface of the scanning device 65 are
scattered so that intense light 1s not emitted to specific
positions of the mirror surface, thus the durability of the
scanning device 65 1s improved.

Furthermore, 1t 1s easier to arrange the laser sources 617,
612 and 615 so that coherent light beams therefrom become
parallel beams, mnstead of converging coherent light beams
from the respective laser sources on one point as shown 1n
FIG. 1. Therefore, the apparatus of FIG. 7 1s superior to the
apparatus of FIG. 1 1n terms of adjustments, and the like.

However, 1t 1s required for the apparatus of FIG. 7 to have
a larger mirror surface than in the case of FIG. 1 where three
types of coherent light beams are converged on one point of
the mirror surface. Therefore, due to the increase 1n size of
the scanning device 65, power consumption could also be
increased 1n the apparatus of FIG. 7.

On the contrary, FIG. 8 1s a view showing one example of
a projection-type 1mage display apparatus 105 using a laser
array 62 having laser sources 61r, 61g and 615 of three
colors incorporated 1nto one chip, as a light source. Since the
laser sources 617, 61g and 615 in the laser array 62 emit
coherent light beams in a parallel direction, a convergence
lens 63 i1s provided as a convergent optical system to
converge these coherent light beams on the same point of the
scanning device 65. Therefore, the apparatus of FIG. 8 uses
the same type of a hologram recording medium 35 as the
apparatus of FIG. 1 and the configuration of the projection
optical system of the apparatus of FIG. 8 1s the same as the
apparatus of FIG. 1.

In the apparatus of FIG. 8, by using the laser array 62, the
positioning of the laser sources 617, 612 and 615 becomes
casy, so that the variation 1n optical path between the devices
1s restricted.

FIG. 9 1s a view showing one example of a projection-
type 1mage display apparatus 10¢ 1n which parallel coherent
light beams from a laser array 62 are directly incident on a
scanning device 65 and beams reflected from the scanning
device 65 are incident on a hologram recording medium 55.
The optical path of coherent light beams in FIG. 9 1s the
same as 1 FIG. 7, so that there are the same advantages and
disadvantages as i FIG. 7. The positioming of the laser
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sources 617, 61g and 615 1s casier in FIG. 9 than in FIG. 7
just as much as the use of the laser array 62.

FIG. 10 1s a view showing one example of a projection-
type 1mage display apparatus 104 configured using a two-
dimensional laser array 62 having laser arrays 617, 61¢ and
616 arranged 1n a longitudinal direction each with single-
color laser sources arranged in a lateral direction. Coherent
light beams emitted from these laser sources pass through a
convergence lens 67 as a convergent optical system and are
converged on the same point of a scanning device 65. The
scanning device 63 reflects these coherent light beams at an
angle 1n accordance with the incident angle of the coherent
light beams, so that the coherent light beams are incident on
nine recording areas provided on a hologram recording
medium 55. The coherent light beams from the nine laser
sources are used for scanning in the corresponding recording
areas by the scanning device 63.

As shown in FIG. 10, since coherent light beams are
reflected at the scanning device 63, the color arrangement of
the laser array 62 and that of the recording areas of the
hologram recording medium 35 are made symmetrically
with each other 1n a diagonal direction.

In the apparatus of FIG. 10, compared with the appara-
tuses of FIG. 1 and other figures, the number of laser sources
to be used 1s three times larger. Therefore, 1t 1s possible to
1lluminate the i1llumination zone LZ brighter just as much as
the number of laser sources, thus easily achieving higher
illumination intensity.

In the case where the reflection characteristics of a screen,
1.e. the intensity distribution of reflected beams depending
on an ncident angle, 1s not uniform, light beams of RGB
colors are incident from a variety of directions, so that 1t 1s
rare that observers visually recognize color shading. It 1s
thus possible to suppress color shading or the like of colors
displayed on a screen by preliminarily adjusting or random-
1zing the color arrangement of the laser sources of the laser
array 62.

For example, FIG. 11(a) shows an example of an ordinary
arrangement of the laser array 62 1n which laser sources of
red, green and blue are arranged 1n a longitudinal direction.
Contrary to this, F1G. 11(d) shows an example of an arrange-
ment of the laser array 62 in which laser sources are
randomly arranged entirely concerning colors. As described
above, the color arrangement of recording areas of the
hologram recording medium 1s made symmetrical mn a
diagonal direction. Therefore, in the case of FIG. 10(b), the
color arrangement of recording areas 1s also random, so that
color shading of colors displayed on a screen can be sup-
pressed.

Avoidance of Zero-Order Light

Part of coherent light beams from the irradiation unit 60
1s not difiracted by the hologram recording medium 55 but
passes through 1it. This type of light 1s called zero-order light.
When zero-order light 1s incident on the illumination zone
[.Z, an abnormal region, 1.e. a spotted region, a line region,
and a plane region, inevitably appears 1n which brightness,
1.¢. 1ntensity, 1s rapidly increased compared with the sur-
roundings.

When the reflection-type hologram recording medium 35
1s used, the spatial light modulator 30 and the projection
optical system 25 are not arranged 1n a propagation direction
of zero-order light, hence it 1s relatively easy to avoid
zero-order light. However, when the transmission-type holo-
gram recording medium 35 such as shown i FIGS. 1 and 2
1s used, it 1s highly likely that the spatial light modulator 30
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and the projection optical system 25 are arranged in a
propagation direction of zero-order light, hence care must be
taken.

For example, when compared with FIG. 1, in the con-
figuration of FIG. 2, even 11 zero-order light passes through
the hologram recording medium 355, the spatial light modu-
lator 30 and the projection optical system 25 are not pro-
vided 1n its direction. Therefore, 1t 1s highly likely that the
zero-order light 1s avoided. However, 1n the configuration of
FIG. 1, since the optical path of coherent light beams
reflected by the scanning device 63 changes, zero-order light
may pass through the spatial light modulator 30 and the
projection optical system 25. For this reason, even in the
case where the configuration of FIG. 1 1s employed, 1t 1s
required to design the location of the scanning device 65, the
spatial light modulator 30, and the projection optical system
25 so as to be arranged 1n accordance with the propagation
path of zero-order light so that the zero-order light does not
pass through the spatial light modulator 30 and the projec-
tion optical system 25.

Emission Timing of Laser Source

The laser sources 617, 61g and 615 shown 1n FIG. 1 and
other drawings may emit coherent light beams simultane-
ously or successively. When these laser sources 61, 61¢ and
615 emit coherent light beams simultaneously, the respec-
tive colors are mixed one another, so that the illumination
zone LZ 1s illuminated with a white color. In this case, by
providing a microdisplay corresponding to the spatial light
modulator 30 disposed in the 1llumination zone LZ with a
color filter that passes through only a specific color for each
pixel, full-color display 1s achieved.

On the other hand, when the three-color laser sources 617,
61g and 615 emit coherent light beams successively, the
illumination color for the illumination zone LZ changes
successively, for example, in order of red—green—blue.
Theretore, full-color display 1s achievable without a color
filter. In this case, for example, a microdisplay performs
drawing of one-frame red pixels while the 1llumination color
1s red for the i1llumination zone LZ, then performs drawing
of one-frame green pixels while the illumination color 1s
green for the illumination zone LZ, and lastly, performs
drawing of or one-frame blue pixels while the i1llumination
color 1s blue for the i1llumination zone LZ. This successive
drawing process 1s performed several ten times for one
second, for example.

When the three-color laser sources 617, 61g and 615 emit
coherent light beams successively, 1t 1s not required to
provide a color display with a color filter. Therefore, the
intensity of the color display can be enhanced further, so that
an 1mage can be displayed on the screen 15 more sharply. In
addition, the light intensity of the laser sources 617, 61g and
615 can be lowered under consideration of no light absorp-
tion at a color filter, so that the improvement in durability
and power consumption can be achieved.

On the other hand, when the three-color laser sources 61,
61g and 615 emit coherent light beams simultaneously,
although 1t 1s required to provide a color display with a color
filter, 1t 1s not required to synchronize the emission control
of the laser sources and the display control of the microdis-
play. Therefore, the configuration of a control circuit for
performing the emission control of the laser sources and the
display control of the microdisplay can be simplified.

Structure of Hologram Recording Medium

The hologram recording medium 535 explained with ref-
erence to FIG. 1 and other drawings has three recording
areas 537, 55¢g and 35b corresponding to the respective
colors of the laser sources 61, 61g and 61b. These three
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recording areas have interference iringes corresponding to
the respective colors recorded therein 1n the plane direction

by multiple recording. In this case, 1t 1s required to adjust the
film thickness and the amount of refractive index modula-
tion An of the hologram recording medium 55 so that, at a
designed incident angle of a coherent light beam of each
color, the difiraction condition of coherent light beams of
another color, 1.e. wavelength range, does not influence the
diffraction condition of the coherent light beam of each
color, namely, wavenumber spectra of the coherent light
beams when diflracted do not interiere with one another.

Although FIG. 12 shows multiple recording of a refrac-
tion-type hologram recording medium 55, a transmission-
type hologram recording medium 55 may be used as shown
in FIG. 1 and other drawings.

Or, as shown 1n FI1G. 13, the hologram recording medium
55 may be configured to be a layered structure to difiract
specific colors at respective layers. In an example of FIG.
13, a layer 357 for red, a layer 35¢g for green, and a layer 355
for blue are stacked from up to down. Therefore, interfer-
ence Iringes are recorded on each layer so that a coherent
light beam of each color, 1.e. each wavelength range, inter-
tere with one another.

In the example of FIG. 13, like FIG. 12, each of the layers
557, 55¢g and 555 1s partitioned 1nto three recording areas 1n
the plane direction of the hologram recording medium 55,
the recording areas actually used for reproducing an 1image
of a scattering plate are the areas given oblique lines.
Therefore, 1n forming interference fringes for each layer, 1t
1s enough to form interference Iringes in the areas given
oblique lines only.

Nonetheless, without partitioning into three recording
areas 1n the plane direction, interference Iringes may be
tformed 1n the entire region of each layer for use of the entire
region 1n the plane direction on purpose of reproducing an
image ol a scattering plate.

Reflection- and Transmission-Type Hologram Recording
Media

Reflection-type hologram recording media, hereinaftter,
“reflection-type holograms™, exhibit higher wavelength
selectivity than transmission-type hologram recording
media, hereinafter, “transmission-type holograms™. In other
words, 1n reflection-type holograms, although interference
fringes corresponding to diflerent wavelengths are superim-
posed one another 1n layers, a coherent light beam having a
desired wavelength can be diffracted by a desired layer only.
In addition, reflection-type holograms are excellent 1n that
the 1intluence of zero-order light can be easily removed.

On the other hand, although transmission-type holograms
have a wide spectrum range for diffraction and a high
acceptable level to laser sources, i1 interference Iringes
corresponding to different wavelengths are superimposed
one another 1n layers, layers other than a desired layer also
diffract coherent light of a desired wavelength. Therefore, 1n
general, 1t 1s diflicult to configure transmission-type holo-
grams 1n a layered structure.

Modification of Basic Embodiment

The basic embodiment described above based on one
specific example exemplified 1n FIGS. 1 to 6 can be modi-
fied 1n various forms. Heremnafter, an example ol modifica-
tion will be described with reference to the drawings. In the
drawings used for the description hereinafter, the compo-
nents corresponding to those of the embodiments described
above are denoted by the same reference numerals, and the
description thereof 1s omatted.
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[1Tumination Device

According to the embodiments described above, 1t 1s
possible to eflectively making speckles inconspicuous.
However, the ellect 1s mainly caused by the illumination
device 40. Theretfore, the illumination device 40 can be used
in a variety of modes. For example, the illumination device
40 can be used for i1llumination merely. In this case, 1t 1s
possible to reduce brightness unevenness, 1.e. luminance
unevenness and flicker. For example, 1n the configuration of
FIG. 1, it has the laser sources 617, 61g and 615 that emat
light beams in three colors, and hence an 1llumination device
40 of white light can be realized by exciting these laser
sources simultaneously. Or an i1llumination device 40 can be
realized that can switch i1llumination color at various timing
by exciting the laser sources 617, 61g and 615 successively
or selectively.

Moreover, since white light 1s obtained by exciting the
laser sources 617, 61g and 615 simultancously, the white
light may be used 1n i1llumination for a scanner, for example,
an 1mage reader. In such an example, by placing an object to
be scanned on the 1llumination zone LZ for the 1llumination
device 40, speckles generated on the object can be 1ncon-
spicuous. As a result, 1t can be possible to eliminate an 1mage
correction means or the like conventionally needed.

When the i1llumination device 40 is incorporated n a
scanner, the 1llumination zone [.Z for the illumination device
40 may be a plane, like the embodiments described above.
Or the illumination zone LZ for the i1llumination device 40
may be a long and narrow zone, 1.¢. a zone which can be
called line-like, extending 1in one direction. In this case, a
two-dimensional 1image can be read by moving the 1llumi-
nation device 40 incorporated in a scanner relative to an
object 1n a direction that orthogonal to the one direction.

Moreover, as shown 1n FIG. 14, the optical device 50 may
include a plurality of hologram recording media 35-1,
55-2, . . . that are arranged 1n a manner that they are aligned
so as not to be overlapped with one another. The hologram
recording media 55-1, 55-2, . . . shown in FIG. 14 are formed
into a strip-like shape and are arranged in a manner that they
are aligned with no gap between one another 1n a direction
vertical to their longitudinal directions. The hologram
recording media 55-1, 35-2, . . . are located on the same
imaginary plane. The hologram recording media 55-1,
55-2, ... form 1mages 5 of the scattering plate 6 1n respective
illumination zones LZ-1, LZ-2, . . . that are arranged 1n a
manner that they are aligned so as not to be overlapped with
one another. In other words, the i1llumination zones LZ-1,
L.Z-2, . . . are illuminated with coherent light beams. The
illumination zones LZ-1, LZ-2, . . . are formed into a long
and narrow zone, 1.e. a zone which can be called line-like,
and are arranged 1n a manner that they are aligned with no
gap between one another 1mn a direction vertical to their
longitudinal directions. The illumination zones LZ-1,
L.Z-2, . . . are located on the same imaginary plane.

In the example shown in FIG. 14, the i1llumination zones
L.Z-1, LZ-2, . . . may be illuminated, as follows. Firstly, the
irradiation unit 60 emits a coherent light beam to the first
hologram recording medium 55-1 so that the coherent light
beam repeatedly scan the first hologram recording medium
55-1 along a path 1n the longitudinal direction, 1.e. the one
direction described above, of the first hologram recording
medium 35-1. Coherent light beams incident on respective
positions of the first hologram recording medium 55-1
reproduce 1mages 5 of the line-like or long-and-narrow
scattering plate 6 1n a manner that the 1images 3 are super-
imposed on the first illumination zone L.Z-1 to illuminate the
first 1llumination zone LZ-1. When a predetermined time




US 10,146,183 B2

21

passes, the irradiation unit 60 emits a coherent light beam to
the second hologram recording medium 55-2 adjacent to the
first hologram recording medium 55-1 to illuminate the
second 1llumination zone LZ-2 adjacent to the first 1llumi-
nation zone LZ-1 with the coherent light beam in place of
the first 1llumination zone LZ-1. Following to this, each
hologram recording medium 1s 1rradiated with a coherent
light beam so that the illumination zone corresponding to the
hologram recording medium 1s illuminated with the coherent
light beam. According to the method described above, it 1s
possible to read a two-dimensional 1mage information with-
out moving the 1llumination device.

Spatial Light Modulator, Projection Optical System, and
Screen

According to the embodiments described above, i1t 1s
possible to effectively make speckles imnconspicuous. How-
ever, the effects are mainly caused by the 1llumination device
40. Then, even 1f the illumination device 40 1s combined
with various known spatial light modulators, projection
optical systems, screens, and the like, it 1s possible to
cllectively make speckles inconspicuous. Due to this point,
the spatial light modulator, the projection optical system,
and the screen are not limited to the exemplified ones, but
vartous known members, parts, apparatuses, and the like
may be used.

Projection-Type Image Display Apparatus

In addition, although the example 1s 1llustrated in which
the hologram recording medium 55 i1s produced by an
interference exposure method using the planar scattering
plate 6 having a shape corresponding to the incidence planes
of the spatial light modulator 30, the present invention 1s not
limited thereto. The hologram recording medium 35 may be
produced by an interference exposure method using a scat-
tering plate having some pattern. In this case, an 1mage of
the scattering plate having some pattern 1s reproduced by the
hologram recording medium 55. In other words, the optical
device 50, 1.e. hologram recording medium 35, illuminates
the 1llumination region LZ having some pattern. In the case
where this optical device 50 1s used, by eliminating the
spatial light modulator 30 and the projection optical system
25 from the basic embodiment described above and dispos-
ing the screen 15 at the position that overlaps with the
illumination region LLZ, 1t 1s possible to display some pattern
recorded in the hologram recording medium 355 on the
screen 15. Also 1n this display apparatus, by emitting a
coherent light beam from the irradiation device 60 to the
optical device 50 so that the coherent light beam scans the
hologram recording medium 55, it 1s possible to make the
speckles be inconspicuous on the screen 15.

FIG. 15 shows one example of such example. In the
illustrated example, the optical device 50 includes first to
third hologram recording media 55-1, 55-2 and 55-3. The
first to third hologram recording media $5-1, 55-2 and 55-3
are arranged on a plane parallel to the incidence plane of the
optical device 50 in a manner that they are displaced from
one another so as not to be overlapped with one another.
Each of the hologram recording media 55-1, 55-2 and 55-3
can reproduce an 1mage 5 having the contour of an arrow. In
other words, 1llumination zones [.Z-1, [.Z-2 and [.Z-3 hav-
ing the contour of an arrow can be illuminated with coherent
light beams. The first to third illumination zones LZ-1, LZ-2
and LZ-3 corresponding to the hologram recording media
55-1, 55-2 and 55-3, respectively, are arranged on the same
imaginary plane in a manner that they are not overlapped
with one another. Above all, 1n the illustrated example, the
directions indicated by the arrows corresponding to the
illumination zones [.Z-1, .Z-2 and [.Z-3 are oriented 1n the
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same direction and the first to third 1llumination zones 1.Z-1,
[.Z-2 and LZ-3 are located 1n this order in this direction. For
example, when a coherent light beam from the 1rradiation
umt 60 1s scanning the first hologram recording medium
55-1, the first illumination zone [.Z-1 located most behind 1s
illuminated. As an example, next, as shown in FIG. 15, a
coherent light beam from the irradiation unit 60 scans the
second hologram recording medium 55-2 so that the second
illumination zone L.Z-2 located in the center 1s 1lluminated.
Thereatter, when a coherent light beam from the 1rradiation
unit 60 scans the third hologram recording medium 55-1, the
third 1llumination zone L.Z-1 located most ahead 1s 1llumi-
nated.

Irradiation Device

The embodiments described above shows an example 1n
which the 1rradiation unit 60 1ncludes the laser sources 61,
61g and 61bH, and the scanning device 65. The scanning
device 65 includes, for example, the one-axis-rotation type
mirror device 66 that changes the propagation direction of a
coherent light beam by reflection. However, the scanning
device 65 1s not limited thereto. As shown in FIG. 16, the
scanning device 65 may be configured so that the mirror, 1.¢.
reflection plane 66a, of the mirror device 66 can rotate about
the first rotation axis line RA1 as well as about a second
rotation axis line RA2 intersecting the first rotation axis line
RA1. In the example shown 1n FIG. 16, the second rotation
axis line RA2 of the mirror 66a 1s perpendicular to the first
rotation axis line RA1 which 1s extended in parallel to the Y
axis of the XY coordinate system defined on the plate plane
of the hologram recording medium 55. Then, since the
mirror 66a can rotate about both of the first axis line RA1
and the second axis line RA2, the incidence point IP of a
coherent light beam of the irradiation unit 60 1ncident on the
optical device 50 can be shifted on the plate plane of the
hologram recording medium 55 1n two-dimensional direc-
tions. Therefore, as an example, as shown 1 FIG. 16, the
incidence point IP of a coherent light beam 1ncident on the
optical device 50 can be shifted along a circumierence.

Moreover, the scanning device 65 may include two or
more mirror devices 66. In this case, although the mirror 66a
of the mirror device 66 can rotate about only a single axis
line, the incidence point IP of a coherent light beam from the
irradiation device 60 1incident on the optical device 50 can be
shifted on the plate plane of the hologram recording medium
55 1n two-dimensional directions.

As a concrete example of the mirror device 66a included
in the scanning device 65, there are a MEMS mirror, a
polygonal mirror, and the like.

Moreover, the scanning device 65 may be configured to
include other devices other than a reflection device, for
example, the mirror device 66 described above, which
changes the propagation direction of a coherent light beam
by retlection. For example, the scan device 65 may include
a refraction prism, a lens, eftc.

Essentially, the scanning device 65 1s not a necessary
component. The light sources 617, 61¢g and 615 of the
irradiation device 60 may be configured so that they can be
displaced, 1.e. moved, oscillated, and rotated, with respect to
the optical device 50. Coherent light beams emitted there-
from may scan the hologram recording medium 55 1n
accordance with the displacement of the light sources 61,
612 and 615 with respect to the optical device.

Moreover, although the description hereinbefore 1s made
on condition that the light sources 617, 61g and 615 of the
irradiation device 60 oscillate a laser beam shaped 1nto a line
beam, the preset mvention 1s not limited thereto. Particu-
larly, 1n the embodiments described above, coherent light
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beams emitted to respective positions of the optical device
50 are shaped by the optical device 50 into a light flux which
1s incident on the entire region of the illumination region LZ.
Therefore, no problem occurs even 1f coherent light beams
emitted from the light sources 61», 61g and 615 of the
irradiation device 60 to the optical device 50 are not accu-
rately shaped. For this reason, coherent light beams gener-
ated from the light sources 61», 61g and 615 may be
diverging light. In addition, the shape of coherent light
beams, 1n cross section, generated from the light sources
617, 61g and 615 may be an ellipse or the like instead of a
circle. In addition, the transverse mode of coherent light
beams generated from the light sources 617, 61g and 615
may be a multi-mode.

In addition, when the light sources 617, 61g and 615
generate a diverging light flux, coherent light beams are
incident on the hologram recording medium 55 of the optical
device 50 not on a spot but on a region having a certain area.
In this case, light beams which are diffracted by the holo-
gram recording medium 355 and incident on respective
positions of the illumination region LZ are angle-multi-
plexed. In other words, 1n each instant, on respective posi-
tions of the 1llumination region LZ, coherent light beams are
incident from directions within a certain angle range. Due to
the angle-multiplexing, 1t 1s possible to more eflectively
make speckles inconspicuous.

Moreover, in the embodiments described above, although
the example 1s described 1n which the irradiation unit 60
emits a coherent light beam to the optical device 50 so that
the coherent light beam traces the optical path of one beam
included 1n a light flux, the present invention 1s not limited
thereto. For example, 1n the above embodiments, as shown
in FIG. 17, the scanning device 65 may further include a
condenser lens 67 disposed at the downstream side of the
mirror device 66 along the optical path of a coherent light
beam. In this case, a light beam from the mirror device 66,
which propagates along the optical path of light beams
constituting a light flux, becomes a light beam that propa-
gates 1n a certain direction through the condenser lens 67. In
other words, the 1irradiation device 60 emits a coherent light
beam to the optical device 50 so that the coherent light beam
traces the optical path of one beam included 1n a light flux.
In this kind of example, mstead of a converging light flux
described above, a parallel light flux 1s used as the reference
light beam Lr 1n the exposure process 1n the production of
the hologram recording medium 55. The hologram record-
ing medium 35 described above can be more simply pro-
duced and replicated.

Optical Device

In the embodiment described above, although the
example 1n which the optical device 50 1s configured with a
reflection-type volume hologram recording medium 35
using photopolymer has been described, the present inven-
tion 1s not limited thereto. As already explained, the optical
device 50 may include a plurality of hologram recording
media 55. Moreover, the optical device 50 may include a
volume hologram recording medium that 1s a type 1n which
recording 1s performed by using a photosensitive medium
including a silver halide material. Moreover, the optical
device 50 may include a transmission-type volume holo-
gram recording medium or a reliel-type, 1.e. emboss-type,
hologram recording medium.

With respect to the relief-type, 1.e. emboss-type, hologram
recording medium, a hologram interference Iringe 1s
recorded using a convex-concave structure of the surface
thereol. However, in the case of the relief-type hologram
recording medium, scattering due to the convex-concave
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structure of the surface may also cause generation of new
speckles, hence 1n this respect, the volume hologram record-
ing medium 1s preferable. In the case of the volume holo-
gram recording medium, a hologram interference ifringe is
recorded as a refractive index modulation pattern, 1.e. refrac-
tive index distribution, of an inner portion of the medium,
hence there 1s no influence of scattering because of the
convex-concave structure of the surface.

However, even when the volume hologram recording
medium 1s used, a type i which recording i1s performed
using a photosensitive medium including a silver halide
material may become a cause ol generating new speckles
due to scattering of silver halide particles. In this respect, the
volume hologram recording medium using a photopolymer
1s preferable as the hologram recording medium 55.

Moreover, in the exposure process shown i FIG. 3,
although a so-called Fresnel-type hologram recording
medium 1s produced, a Fourier transform-type hologram
recording medium which can be obtained through recording
using lenses may be produced. When the Fournier transform-
type hologram recording medium 1s used, lenses can also be
used for 1image reproduction.

In addition, a striped pattern, 1.e. refractive index modu-
lation pattern or convex-concave pattern, which i1s to be
formed on the hologram recording medium 35 may be
designed by using a computer based on a planned wave-
length or incidence direction of a reproduction illumination
light beam La, a shape or position of an image to be
reproduced, and the like, without use of an actual object light
beam Lo and reference light beam Lr. The hologram record-
ing medium 535 obtained 1n this manner 1s called a computer
generated hologram recording medium. Moreover, when a
plurality of coherent light beams having mutually different
wavelength ranges are emitted from the irradiation device 60
in a similar manner in the modification described above, the
hologram recording medium 35 as a computer generated
hologram recording medium may be partitioned two-dimen-
sionally 1into a plurality of regions provided corresponding to
coherent light beams of respective wavelength ranges so that
the coherent light beams of the respective wavelength ranges
are diffracted in the corresponding regions to reproduce
1mages.

Moreover, 1n the embodiments described above, although
the example 1s described 1n which the optical device 50
includes the hologram recording medium 35 by which
coherent light beams emitted to respective positions thereof
are spread to illuminate the entire region of the 1llumination
region L7, the present mvention 1s not limited thereto.
Instead of the hologram recording medium 55 or 1n addition
to the hologram recording medium 35, the optical device 50
may 1nclude a lens array as an optical device by which the
propagation directions of coherent light beams 1ncident on
respective positions thereol are changed and the coherent
light beams are diffused to 1lluminate the entire region of the
illumination region LZ. As a concrete example of the lens
array, a total reflection-type or refraction-type Fresnel screen
having a diffusing function, a fly-eye lens, and the like may
be exemplified. In this type of 1llumination device 40, the
irradiation device 60 and the optical device 50 may be
configured so that the 1rradiation device 60 emits coherent
light beams to the optical device 50 so that the coherent light
beams scan the lens array and the coherent light beams
incident on respective positions of the optical device 50
from the 1rradiation device 60 undergo change 1n the propa-
gation directions by the lens array to i1lluminate the 1llumi-
nation region LZ, thus eflectively making speckles incon-
SpICUOUS.
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In more concretely, 1n the case of the present embodiment,
it 1s required to provide a lens array that includes at least
three lenses corresponding to the laser sources 617, 61¢ and
615, respectively. On each lens, a coherent light beam 1s
incident that 1s emitted from the corresponding laser source
and then reflected by the scanning device 65. Then, through
cach lens, an incident light beam 1s diffused to i1lluminate the
entire region of the 1llumination zone LZ. With this con-
figuration, even 1f the hologram recording medium 35 1s not
provided, the entire region of the 1llumination zone LZ can
be illuminated with white light, for example.

[luminating Method

In the embodiments described above, an example 1s
shown 1n which the 1rradiation device 60 1s configured to be
able to scan the optical device 50 1n a one-dimensional
direction with coherent light beams and the hologram
recording medium 55 or the lens array of the optical device
50 1s configured to difluse, 1.e. spread and diverge the
coherent light beams incident on respective positions of the
hologram recording medium 55 in a two-dimensional direc-
tion, so that the illumination device 40 illuminates the
two-dimensional illumination region LZ. However, as
described above, the present invention 1s not limited to such
example. For example, the wrradiation device 60 may be
configured to be able to scan the optical device 50 1 a two
dimensional direction with coherent light beams and the
hologram recording medium 355 or the lens array of the
optical device 50 may be configured to diffuse, 1.e. spread
and diverge, the coherent light beams incident on respective
positions of the hologram recording medium 35 1n a two-
dimensional direction, so that the illumination device 40
illuminates the two-dimensional 1llumination region LZ, as
shown 1n FIG. 16.

Moreover, as already described, the 1rradiation device 60
may be configured to be able to scan the optical device 50
in a one-dimensional direction with coherent light beams
and the hologram recording medium 55 or the lens array of
the optical device 50 may be configured to diffuse, 1.e.
spread and diverge, the coherent light beams incident on
respective positions of the hologram recording medium 55
in a one-dimensional direction, so that the illumination
device 40 illuminates the one-dimensional 1llumination
region L.Z. In this configuration, the scanning direction of a
coherent light beam from the irradiation unit 60 and the
diffusing direction, 1.e. spreading direction, by the hologram
recording medium 55 or the lens array of the optical device
may be parallel with each other.

Furthermore, the irradiation device 60 may be configured
to be able to scan the optical device 50 in a one- or
two-dimensional direction with coherent light beams and the
hologram recording medium 355 or the lens array of the
optical device 50 may be configured to diffuse, 1.e. spread
and diverge, the coherent light beams incident on respective
positions of the hologram recording medium 55 1n a one-
dimensional direction. In this configuration, as already
described, the optical device 50 may have a plurality of
hologram recording media 55 or lens arrays to illuminate
illumination zones LZ corresponding to the hologram
recording media 55 or lens arrays successively, so that
illumination device 40 illuminates a two-dimensional
region. In this occasion, the 1llumination zones LZ may be
successively 1lluminated at a speed felt like as if simulta-
neously illuminated for human eyes or at a low speed so that
human eyes can recognize that the illumination zones LZ are
successively 1lluminated.

The present invention 1s not limited to the embodiments
described above but includes various modifications conceiv-
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able by those skilled 1n the art. The eflects of the present
invention are also not limited to those described above.
Namely, various additions, modifications and partial omis-
sions may be made without departing from the conceptual
idea and gist of present invention derived from those defined
in the accompanying claims and their equivalents.

The mvention claimed 1s:

1. An illumination device comprising:

an optical device including a hologram recording medium
capable of reproducing an 1mage of a reference member
on an illumination zone, the optical device varying an
incidence angle of a coherent light beam at each
position on the illumination zone with time, wherein
the optical device 1s fixed, so as to prevent rotation and
movement thereof; and

an 1rradiation unit to 1rradiate a coherent light beam to the
optical device so that the coherent light beam scans the
hologram recording medium,

wherein the 1rradiation umit comprises:

a light source for emitting a coherent light beam; and

a scanning device capable of adjusting a reflection
angle of the coherent light beam emitted from the
light source and to make a reflected coherent light
beam scan on the hologram recording medium,

wherein the light source comprises a plurality of light
sources for emitting a plurality of coherent light
beams having different wavelength ranges,

the hologram recording medium comprises a plurality
of recording areas to be scanned with a plurality of
coherent light beams reflected by the scanning
device, respectively,

cach of the plurality of recording areas comprises an
interference Iringe that diffracts a coherent light
beam of the corresponding wavelength range, and

the reflection angle of the scanning device 1s controlled
so that a coherent light beam having a wavelength
range corresponding to each of the plurality of
recording areas 1s incident on the corresponding
recording area while changing an incident direction
ol the coherent light beam with time and a coherent
light beam having a wavelength range different from
the corresponding wavelength range 1s not incident
on the corresponding recording area,

wherein the optical device uses the plurality of coherent
light beams reflected by interference fringes of the
plurality of recording areas to reproduce the image of
the reference member so that each of the coherent
light beams 1s diflracted by each of the plurality of
recording areas in the hologram recording medium
and the diffracted coherent light beams are superim-
posed on the entire region of the i1llumination zone.

2. The illumination device of claim 1, wherein the plu-
rality of recording areas are provided 1n the plane direction
of the hologram recording medium so as not to be over-
lapped with one another.

3. The illumination device of claim 1, wherein the plu-
rality of recording areas are stacked 1n a thickness direction
of the hologram recording medium.

4. The illumination device of claim 1, wherein the plu-
rality of coherent light beams emitted from the plurality of
light sources are emitted to an 1dentical point on the scan-
ning device.

5. The illumination device of claim 4, wherein a plurality
of coherent light beams reflected at the 1dentical point on the
scanning device are incident on the hologram recording
medium as diffused light beams.
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6. The 1llummation device of claam 4, wherein the plu-
rality of light sources emit a plurality of coherent light
beams comprising different wavelength ranges in roughly
parallel directions,

wherein the irradiation unit further comprises a conver-

gence lens to emit the plurality of coherent light beams
emitted from the plurality of light sources in the
roughly parallel directions to the 1dentical point of the
scanning device.

7. The i1llumination device of claim 1, wherein the plu- 10

rality of coherent light beams emitted from the plurality of
light sources and incident on the scanning device are parallel
beams.

8. The 1llumination device of claim 1, wherein the plu-
rality of coherent light beams incident on the hologram
recording medium afiter reflected by the scanning device are
parallel beams.

9. The illumination device of claim 8 further comprising,
parallel-beam generating means to convert the coherent light
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beams reflected and diffused at an identical point on the
scanning device into parallel beams to be incident on the
hologram recording medium.

10. The illumination device of claim 1, wherein the
plurality of light sources emit coherent light beams simul-
taneously so that the image of the reference member
becomes white when the plurality of coherent light beams
incident on the plurality of recording areas from the irra-
diation unit reproduce the image of the reference member to
be superimposed.

11. The illumination device of claim 1, wherein the
plurality of light sources emit coherent light beams succes-
sively 1n a time-divisional manner so that a color of the
image of the reference member changes periodically when

the plurality of coherent light beams incident on the plurality
of recording areas from the irradiation unit reproduce the
image of the reference member to be superimposed.
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